Appendix: Mathematical analysis
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We put the mathematical analysis of the system (2) in this appendix. The well-posedness of the model 
is guaranteed by the following Theorem,
13
Theorem 1 For any nonnegative initial condition X = (S(0),
where S(0) = (S 1 (0), S 2 (0), S 3 (0)), with analogous forms E, I, R, U, L, V , system (2) admits a unique 15 solution in R
21
+ and is bounded for t 0.
16
The proof of the theorem follows by showing the boundedness of the population sizes of livestock and 17 female mosquitoes, respectively.
18
In absence of the disease, system (2) reduces to
and
It is easy to see that system (A1) can be solved equation by equation and that the equations in system (A2) are decoupled. Moreover, the solutions of system (A1) are positively invariant in R 3 + . Denote
we can obtain the ultimate boundedness of the solution of (A1). Solving the system (A1) equation by equation, we obtain
We get a periodic solution S 
).
25
Since we have two periods T 1 and T 2 involved in our model, we have an almost periodic system. Following [3-5], we linearize all the equations for infectious compartments z = (E 1 ,
T of system (2) at the disease free state. The related Jacobian matrix can be written as 
Let Y (t, s), t 0 be the evolution operator of the almost periodic system dy(t) dt = V (t)y(t).
Then, for each s 2 R, the 12 ⇥ 12 matrix Y (t, s) satisfies
where I 12⇥12 is the 12 ⇥ 12 identity matrix. 
It is easy to verify the conditions (A1)-(A7) in Wang and Zhao [4] . Hence, the basic reproduction number 27 of the almost periodic system (2) can be defined for R 0 if we consider our system as a periodic system with a period T = lcm(T 1 , T 2 ). In [7] , another 30 linear operator defined asL = R 1 0 F (t)Y (t, t 1) (t, a) da has spectral radius which is equal to ⇢(L).
31
The complexity of the model prevents us from obtaining the explicit form of basic reproduction number.
32
Although R 0 provides the information on whether the disease will eventually die out in the three patches 
